Abstract. Replica ceramic foam (RCF) is a widely used material in porous media combustion. The macro-structural and thermal properties such as porosity and effective thermal conductivity are governed by RCF's micro-structure and the properties of the material. The aim of this paper is to study the essential influence of the cell structure and the material on porous media combustion temperature distribution. Kelvin model is adopted to describe the micro-structure of the RCF and to establish the correlations between micro-structure with porosity and effective thermal conductivity. Based on these correlations, the effects of strut length, strut cross sectional size, vertex shape together with different materials (include alumina, zirconia and silicon carbide) on the gas and solid temperature profiles are numerically investigated. Results indicate that the SiC RCF burner has the highest temperature peaks of both gas and solid at the same operating parameters. The temperature profiles of gas and solid are significantly affected by the strut length, the strut cross sectional radius and the length of nodes.
Introduction
Premixed combustion in inert porous media is a clean technology due to its widely flammability limit, high combustion efficiency, low pollutant emission and high radiant output. The applied material in porous burner, together with its macro-properties such as the porosity, the pore diameter, the solid effective thermal conductivity and the radiative properties, have a significant influence on the combustion. Alumina (Al 2 O 3 ), zirconia (ZrO 2 ) and silicon carbide (SiC)-based replica ceramic materials are widely used in porous burner because of their high porosity, large surface area and chemical stability. Many researchers have performed experimental and numerical studies of the three materials. Zhou and Pereira [1] investigated the combustion and pollutants formation of the 10 and 65 pores per inch (PPI) Al 2 O 3 . Hsu et al [2, 3] created a two-section partially stabilized zirconia (PSZ)-reticulated foam burner consisting of 65 PPI in the upstream and alternative 10, 30 or 45 PPI in the downstream. Khanna et al. [4] , Barra et al. [5] , Liu et al. [6] , Shin and Kim [7] selected a combination of 10 and 65 PPI PSZ. The above results indicate that flame can easily stabilize at the interface between the two sections and in order to obtain the largest stable operating range, the upstream material should have low thermal conductivity, high radiative extinction coefficient and low volumetric heat transfer coefficient, while the downstream should have high conductivity, high volumetric heat transfer coefficient and intermediate radiative extinction coefficient. Gao et al [8] investigated the flame stability in a two-section burner packed with 3mm Al 2 O 3 beads in the upstream and four different cellular foams in the downstream.
The effects of structural properties, such as the porosity, the pore density and the length of solid matrix, have received much attention over the past decades. Mishra et al. [9] numerical investigated the heat transfer in a two-layer rectangular porous burner comprised of Al 2 O 3 in the upstream and SiC in the downstream. They compared the temperature profiles of two cases with different pore densities and concluded that the smaller pore diameter can be used to avoid flashback. Akbari and Riahi [10] studied these structural properties on the preheating efficiency in a monolayer cordierite porous burner. The results showed that increasing the porosity or decreasing the pore density will decrease the preheating efficiency, while the burner length has no effect on the burner performance.
In order to investigate the essential effects of the base material and its properties on the combustion, the current study proposes the correlations of the micro-cell-structure properties, such as the strut length, the strut cross sectional radius and the length of cubic nodes with the macro-properties include the porosity and the solid effective thermal conductivity based on Kelvin model [11] according to Boomsma and Poulikakos [12] . The effects of these micro-properties of three different materials (Al 2 O 3 , SiC and ZrO 2 ) on the gas and solid temperature profiles as well as the flame characteristics are studied.
Physical and Mathematical Models Physical Model
A axisymmetric cylindrical two-section porous burner is studied which includes a small-pore porous ceramic 3.5cm long in the preheating zone and a big-pore porous ceramic 2.55cm long in the combustion zone. The diameter of the cylinder is 7cm. The computational region is shown in Fig. 1 . The premixed methane/air combustion process is treated as the incompressible laminar flow flame with two-dimensional transient physical model. 
Governing Equations
In the present model, the effects of gas and solid conduction, the solid radiation, the convective heat transfer between solid and gas, the chemical reaction are considered, while, the Dufour effect, the gas radiation and the potential catalytic effects are neglected. The assumptions of porous ceramic foam as gray homogeneous media, nonslip and adiabatic wall, are taken [3] . The conservation equations are expressed as follows:
(1) Continuity equation
(3) Gas energy equation
(4) Solid energy equation
(5) Species equation
Property Data of the Ceramic Foam
The upstream section is made of PSZ and the downstream is alternatively with Al 2 O 3 , SiC and ZrO 2 . Their property data are summarized in Ref. [13] . Based on Kelvin model, the micro-structure of the replica ceramic foam is tetrakaidecahedron consisting of six squares and eight hexagons. The correlations for the porosity and the effective thermal conductivity of the solid are obtained from the Ref. [12] , which are related to the two simplified dimensionless parameters d and e. d is the ratio of the strut cross sectional radius to the strut length and e is the ratio of the length of cubic nodes to the strut length. 
The solid property data used in both sections are shown in Table 1 . 
Boundary and Initial Conditions
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In order to initiate the reaction, a temperature of 1800K in the solid is imposed on the downstream section.
Numerical Method
Stable solutions are obtained by solving the transient governing equations using the commercial software Fluent. Considering the temperatures of the gas and solid are not in thermal equilibrium, a user-defined function (UDF), which modifies the governing equations and defines the property data of applied porous media, is compiled in Fluent. The SIMPLE algorithm has been employed to solve the pressure-velocity coupling momentum equation. The under-relaxation is used to solve the stiff problem in chemical reactions.
Results and Discussions
The temperature distributions of both the gas and solid at a fixed equivalence ratio (ϕ) of 0.6 have been studied. The effects of material and its micro-structural properties which include the two dimensionless parameters d and e on the temperature profiles are presented. Figure 2 shows the temperature profiles of gas and solid with the inlet velocity (v in ) of 0.6m/s and ϕ=0.65. The results of present study show good agreements with Ref. [5] and Ref. [7] . In the upstream section, the solid temperature is higher than the gas temperature due to the conduction and solid-to-solid radiation from the post-flame zone to the pre-flame zone, resulting in preheating unburned mixture. Because of the immediate reaction in the downstream, the gas temperature exceeds the solid temperature.
Validations of the Computations
As displayed in Fig. 2 , the present study predicts a higher gas peak temperature than the Refs. The reason of the slight disagreement is likely to be the different dimensions, different radiation models, or different mechanisms. The adopted one-step mechanism of methane-air combustion neglects the intermediate species and chemical dissociation, which may result in higher gas temperature peak. Figure 3 shows the different gas and solid temperature profiles with the inlet velocity of 0.4m/s. The flame fronts of the three materials are at the interface. Gas temperature of the SiC replica ceramic foam burner is some 50K higher than its counterparts. The possible reason is that the thermal conductivity of SiC is larger, which increases the heat feedback from the combustion zone to the preheating zone. However, Al 2 O 3 and ZrO 2 foam burners nearly have the same temperature profiles due to their similar properties. Fig. 3 , the gas temperature decreases while the solid temperature increases with increasing inlet velocity. This is mainly because the lower inlet velocity leads to longer preheating time and higher preheating temperature of the mixture which increases the gas temperature. The higher solid temperature is due to the intensified convective heat transfer between gas and solid. Figure 4 also shows that the flame fronts of Al 2 O 3 and ZrO 2 move downstream at v in =0.6m/s, with the flame location of ZrO 2 palced closer to the preheating zone, whereas the flame front of SiC is still at the interface.
Effect of Material

Effect of d and e
Tables 3 displays the different cases for comparisons of the two micro dimensionless parameters. The material of the downstream is SiC. In each case of d, e is kept to be 0.3. Equally, d is 0.3 in each case of e. The relevant porosity, solid effective thermal conductivity and radiative extinction coefficient are also listed in the table. Figure 5a presents the effect of d on the gas and solid temperature profiles. Comparing case A with case B, the flame front is still at the interface, while the temperature peaks of both gas and solid decrease with the increasing value of d. The possible reason is related to the heat transfer coefficient of the solid, which is shown in Fig. 5b . As it displays, case A has the largest solid heat transfer coefficient, which increases the heat transfer from the combustion zone to the preheating zone, resulting in higher gas and solid temperatures. Correspondingly, comparing case C with case B, the flame front of the former moves downstream with the peak of gas temperature almost unchanged, while the gradient of gas temperature enlarges. The reason is likely to be that the porosity decreases with the increasing value of d, which leads to a higher physical velocity and the movement of the flame front towards downstream. The different gradients of gas temperatures are due to the different gradients of the solid heat transfer coefficients. Figures 6 presents the effects of different values of e on the temperature profiles of both gas and solid. With the increasing value of e, the porosity increases and the solid effective thermal conductivity and radiative extinction coefficient decrease, whereas the heat transfer coefficient of solid increases, resulting in higher gas and solid temperatures. 
Conclusions
The correlations of the macro-properties such as the porosity and the solid effective thermal conductivity with the micro-properties include the strut length, the strut cross sectional size and the length of cubic nodes are proposed. The effects of these micro-properties of three different materials on the gas and solid temperature profiles are numerically investigated. The results indicate that the SiC replica ceramic foam burner has the highest temperature peaks of both gas and solid. The gas and solid temperature profiles are significantly affected by the two dimensionless parameters d and e, which represent the micro-properties. The change of the value of d will also leads to movement of the flame front towards downstream. The optimum micro-structural properties should be seriously considered in the the industrial manufacture and applications of the replica ceramic foam.
